Aims: We aimed to obtain pyloric measurements of our patients with infantile hypertrophic pyloric stenosis (IHPS) using ultrasonography (US) and to evaluate the correlations between age, weight and pyloric size, pyloric ratio (PR). Material and methods: We designed a retrospective study including 20 term infants with surgically proven IHPS and studied the ultrasonographically obtained pyloric muscle thickness (PMT), pyloric diameter (width) (PD), pyloric length (PL) and PR (PMT/PD) to determine if there were statistically significant associations between patient age/weight and pyloric measurements. Results: The mean age of the infants was 38.7±17.3 days (range, 9-76 days) and their mean weight was 3688.5±772.7 g (range, 2810-6000 g), at referral. Mean PMT was 4.98±1.04 mm (range, 3.5-6.8 mm). Mean PD was 14.04±2.39 mm (range, 10-18 mm). Mean PL was 22.16±4.02 mm (range, 16-31.5 mm) and mean PR was 0.35±0.04 (range, 0.29-0.42). The correlation between age and PMT (r=0.654, p<0.05) and the correlation between age and PD (r=0.747, p <0.05) were significant. Age and weight were not significantly correlated with PR (p>0.05). Conclusions: The PMT and PD are age dependent parameters. The PR is age and weight independent and therefore, when combined with PMT, PD and PL, it can be useful in the diagnosis of IHPS in infants with early onset disease and/or in those with a lower weight.
Introduction
Infantile hypertrophic pyloric stenosis (IHPS) is a pathologic condition characterized by obstruction to gastric emptying as a result of the abnormal thickening of the antropyloric portion of the stomach in early infancy [1] . In other words, IHPS is an idiopathic hypertrophy and hyperplasia of circular muscle fibers of pylorus with proximal extension into the gastric antrum [2] . Its incidence is about 3:1,000 newborns and it is four to five times more frequent in males than in females. Manifestations usually occur between two to eight weeks of life [2] . However, a 28-month-old male child with late-onset symptoms of hypertrophic pyloric stenosis has also been reported [3] . IHPS should be considered in any vomiting infant [4] , though gastroesophageal reflux (GER), pylorospasm, hiatal hernia, and preampullary duodenal stenosis can also manifest with nonbilious vomiting [1] . The use of ultrasonography (US) in the diagnosis of IHPS evidenced an increase over time, compared to earlier periods [4] [5] [6] . Only in a few studies was the pyloric ratio (PR) evaluated and it was found to be an additional and useful US parameter in the diagnosis of IHPS in infants with different age and weights [7] , including premature infants [8] . Despite the controversial relationship of age and weight with basic pyloric size measurements which is still a subject of debate today [8] [9] [10] [11] , PR seems to be a more stable parameter because it does not vary with age and weight [7, 8] .
Our primary goal in this retrospective study was to evaluate the correlation between the main clinical (weight and age of the infants) and US parameters (py-loric size and PR). We consider that the results obtained from our study can add newer information for diagnosis of IHPS in infants with different ages and weights, including the ones with early onset disease and/or with lower weight.
Material and methods

Patients and ultrasonographic parameters
Between November 2007 and August 2014 we retrospectively reviewed the medical records and US examinations of 20 consecutive infants out of 24, with ultrasonographically detectable IHPS. Four patients were excluded from the study because their surgical results and weights were not available. Age and weight of the infant at referral, ultrasonographically measured pyloric muscle thickness (PMT), pyloric diameter (width) (PD), pyloric length (PL) and PR were evaluated. The PR was calculated for each patient as PMT divided by PD [7] . Patient's clinical status after surgery was also checked. All the patients' parents were informed about the procedures, oral consent was obtained for US examinations and written informed consent was obtained before contrast studies of the upper gastrointestinal (UGI) tract and surgery. All the procedures were performed according to the World Medical Association Declaration of Helsinki (revised in 2000, Edinburgh).
Sixteen males and four females, term infants, were included. In all patients, the diagnosis of IHPS was initially made by US examinations and the clinical outcomes of the patients were obtained. Contrast radiographs of UGI tract were not obtained as a standard initial diagnostic tool to avoid unnecessary radiation exposure. In eight patients, contrast studies with minimal X-ray exposure time and dose were performed before surgery to evaluate anatomically the UGI tract. Besides US, no other crosssectional imaging modalities, such as computed tomography or magnetic resonance imaging were performed. In all cases, US diagnosis of IHPS was confirmed with open surgery. All of the transabdominal US examinations were performed by the same pediatric radiologists with 10 years' experience in pediatric US practice, using standard techniques. Abdominal US was performed in 10 cases with Logiq 200 Pro US device (General Electric Medical Systems, Seongnam, Gyeonggi-do, Korea) and in the other 10 cases with Logiq 7 US device (GE Healthcare Japan Corporation, Tokyo, Japan), using 3-3.5 MHz convex-array and 7.5-8 MHz linear-array transducers with infants in supine and right posterior oblique positions just after a limited breast or bottle feeding. We avoided overdistension of stomach during feeding. Upper abdominal quadrants were the main areas of interest; however, lower abdominal quadrants were also evaluated.
Ultrasonographic criteria
The PMT was measured on transverse images, from the outermost border of the muscle to the outermost border of mucosa, which includes only one muscle layer (fig 1) . For making a definitive diagnosis of IHPS in our department the cut-off value for pyloric muscle wall thickness ≥3.0 mm is accepted as the main quantitative criteria [2, 7, [12] [13] [14] [15] . The PD was measured on transverse images by placing the calipers at the outermost border of the opposing muscle layers, in which mucosa and narrowed lumen were also included. The PL was measured from the beginning of the duodenal lumen to the gastric antrum on longitudinal images (fig 2,  fig 3) . Numeric values were expressed as means ± standard deviations with range values. We used ultrasonographic target sign and cervix sign as qualitative criteria [2] . We also performed a standardized dynamic US examination [16] to support the diagnosis. During dynamic examination, we functionally evaluated food passage through the pyloric canal and peristaltism, while looking for secondary GER and, absent or delayed stomach emptying. 
Statistical analysis
The correlations between clinical parameters (weight and age of the infants) and US parameters (PMT, PD, PL, PR) were evaluated by Pearson correlation test. The correlation between weight and age of the infants was evaluated by the Pearson correlation test. Sonographical parameters (PMT, PD, PL, PR) were compared according to gender by using independent samples t test. P values < 0.05 were considered as statistically significant. All analyses were done with SPSS software (version 16.0: SPSS Inc, Chicago, IL).
Results
Male to female ratio was 4:1. Nonbilious vomiting was present in all cases. At referral, the mean age of the infants was 38.7±17.3 days (range, 9-76 days) and mean weight of the infants was 3688.5±772.7 g (range, 2810-6000 g). In medial parts of right upper quadrants of all cases, US revealed thick and elongated viscus appearance with extensively narrowed lumen, in continuity with stomach, representing hypertrophied pylorus. In all cases, target sign and cervix sign representing widened and elongated pylorus with thickened muscularis propria, were demonstrated with US. In all cases, real-time dynamic examination revealed increased gastric peristaltism, lack of an effective passage through the pylorus, absent or delayed stomach emptying and secondary GER. Mean PMT, PD, PL and PR with their range values are summarized in Table I . 20% (n=4/20) of our patients had a PMT less than 4 mm. The correlation between age and PMT (r=0.654, p<0.05) and the correlation between age and PD (r=0.747, p<0.05) were significant. There was no significant correlation between age and PL or between weight and basic pyloric measurements (PMT, PD, PL) (all p>0.05). Age and weight were not significantly correlated with PR (p>0.05). Pearson correlation coefficients and p values regarding the associations between age/weight and pyloric measurements were summarized in Table II . The difference between PMT, PD, PL, PR values of male and female infants were not statistically significant (p>0.05). All the patients underwent open surgery and procedure of pyloromyotomy was successfully performed. All the patients were discharged from the hospital in good health.
Discussions
The etiology of IHPS remains unclear. Regardless of the etiological debates [17] [18] [19] [20] , typically infants with IHPS are clinically normal at birth but during the first few weeks of postnatal life, they develop nonbilious forceful vomiting mostly described as "projectile". Gastric outlet obstruction leads to emaciation and, if left untreated, may result in death [1, 21, 22] . Positive family history of IHPS in infants with nonbilious vomiting with progression over a period of several weeks after birth [2] should alert the physician for the diagnosis of IHPS.
Due to its high sensitivity and specificity without any risk of ionizing radiation and its ability to demonstrate other intraabdominal pathologies that might co-exist, US has been widely used as an imaging tool for IHPS diagnosis prior to surgery [6, 12, 13, [23] [24] [25] . US was also used in the follow-up of the healing process of medically treated IHPS [26] and in monitoring conservatively treated IHPS cases [16] . The most common US diagnostic sign of IHPS is the target sign (hypoechoic ring of hypertrophied pyloric muscle around centrally located echogenic mucosa on cross-section), which can be easily differentiated from the target sign of intussusception in pediatric cases [27] mainly by the relatively smaller diameter of IHPS and the continuity of IHPS with antrum. Other typical findings of IHPS, which we also detected in our patients, are elongated pylorus with thickened muscle, cervix sign (indentation of muscle mass to fluid-filled antrum on longitudinal section), antral nipple sign (redundant pyloric channel mucosa protruding into gastric antrum), exaggerated peristaltic waves and delayed gastric emptying of fluid into duodenum [2] . Besides these signs, there is also a sonographic double-track sign for the diagnosis of IHPS, but it was reported to be seen in cases of pylorospasm, too [28] . However, image or measurement variability is an important clue for diagnosing pylorospasm [29] . In a vomiting infant GER can be diagnosed using US [30] , as we could do this in our study. The importance of standardized dynamic US examination was well expressed [16] . For us too, the dynamic examination was essential, since we made the diagnosis of IHPS before surgery by combining our numeric data with real-time functional findings. After the introduction of US for the diagnosis of IHPS in 1977 [31] , a considerable number of US studies have been conducted in order to obtain average pyloric measurements in infants with IHPS. The majority of the authors accepted the cut-off value for PMT as 3.0 mm in these patients [2, 7, [12] [13] [14] [15] . Though Blumhagen et al [23, 24] reported that PMT of 4 mm or more is diagnostic for IHPS, an important percentage of our patients with IHPS had a PMT less than 4 mm. Assefa [13] reported the mean PMT, PL and PD as 4.46 mm, 19.1 mm and 14.05 mm, respectively. In the cross-sectional study of Alehossein et al [12] , the mean PMT, PL and PD with their range values were 4.94±0.65 mm (range: 3-6.5 mm), 20.22±2.33 mm (range: 16-28 mm) and 13.14±1.97 mm (range: 8.7-17 mm), respectively. Niedzielski et al. [32] reported their mean PMT, PL and PD as 5.41 mm, 20.89 mm and 14.1 mm, respectively. In our study, pyloric measurements were close to those mentined above.
After we evaluated the results of recent studies, we concluded that the effects of patient age and weight on basic pyloric measurements are still controversial. We compared our results with those in literature. Leaphart et al [9] reported that PMT and PL were significantly decreased in younger vs relatively older newborns with IHPS. This is partially consistent with our results but we found no correlation between age and PL. In the study of Said et al [10] there was a significant relationship between age and PMT and there was no significant relationship between PL and age or weight, which was the same in our study. However unlike us, they also showed a significant relationship between weight and PMT [10] . Iqbal et al [14] reported that age had a positive correlation with PMT which is consistent with our results; however, unlike us they found that weight had a positive correlation with PMT and age positively correlated with PL. In their study including premature infants, Cascio et al [8] found that PMT and PL were not affected by weight and corrected gestational age. Forster et al [11] also found no significant correlation between age, weight or prematurity and sonographical diagnosis of IHPS, regarding PMT and PL. However, in our study, we found a positive correlation with age and PMT. We consider that the differences between the results of above mentioned studies including our study, can be explained by the differences in the study designs (inclusion of infants with relatively homogenious vs heterogenious age spectrum), by diversities in the number of cases in different studies and by US factors. In some studies only relatively younger infants were included [8, 9] whereas in others, infants with a relatively wide age spectrum were evaluated [10, 11] . Relatively a small number of patients in some groups might have caused a decrease in statistical power and the inclusion of a relatively high number of patients with extreme age and weight values with different duration of symptoms in some groups, might have caused the differences in the results. Besides the differences in US devices and techniques used, intraobserver and interobserver differences might have affected pyloric measurements in various study groups.
Despite the above mentioned controversial relationship of age and weight with basic pyloric size measurements, PR seems to be age and weight independent. Lowe et al [7] reported the average PR in normal children (n=50) and in those with IHPS (n=34) as 0.205 and 0.325, respectively (p<0.001). Cascio et al [8] calculated PR in 15 premature infants and the median was 0.38. In our study, mean PR was close to these values in infants with IHPS. Also, both age and weight were not significantly correlated with PR, which was similar to the results of the above mentioned studies [7, 8] .
A relatively small patient population can be regarded as a limitation of our study. However, as compared with the number of patients in previous studies which particularly focused on PR [7, 8] , we consider that our study group consisted of an average number of patients. Despite the limited number of patients that could be gathered in our province, our quantitative findings (age and weight on referral, pyloric measurements and PR values) were close to those of other studies reported in literature, reflecting that age and weight distribution of our patients was lacking extreme diversities and was convenient for this study. Our quantitative and qualitative findings also demonstrated that we have used an appropriate measuring technique and convenient US devices.
As for the treatment, pyloromyotomy remains the standard of treatment and outcome is excellent [33] . In our study, all the patients underwent surgery and the procedure of pyloromyotomy was successfully performed.
Conclusions
The PMT and PD are positively correlated with age. The PR is age and weight independent and therefore, when combined with PMT, PD and PL, it can be useful in the diagnosis of IHPS in infants with early onset disease and/or in the ones with lower weight. However, since strict use of measurements without clinical and dynamic correlations is dangerous in IHPS, so a standardized dynamic sonographic examination to support the diagnosis should be performed. US should be the first imaging modality in infants who are clinically suspected to have IHPS, since it allows rapid, real-time evaluation of the patients efficiently, without any exposure to ionizing radiation.
